Six new triterpene glycosides, cladolosides A 1 -A 6 (1-6), have been isolated from the Vietnamese sea cucumber Cladolabes schmeltzii (Cladolabinae, Sclerodactylidae, Dendrochirotida). Structures of the glycosides were elucidated by 2D NMR spectroscopy and MS. All the glycosides have nonsulfated tetrasaccharide linear carbohydrate moieties. Glycoside 6 has a glucose residue as the third monosaccharide unit, while the rest of the compounds comprise a xylose in this postion of the carbohydrate chain. Glycosides 1-6 differ from each other in the structures of their holostane aglycones. Cytotoxic activities of glycosides 1-6 were studied against mouse spleenocytes, along with hemolytic activities against mouse erythrocytes. All the compounds, except cladoloside A 5 (5) posessing a hydroxy-group in the aglycone side chain, demonstrated rather strong cytotoxic and hemolytic effects. The most active glycosides were cladolosides A 1 (1) and A 2 (2) having two O-acetic groups and the xylose residue in the third position of the sugar chain.
As a continuation of our previous studies on triterpene glycosides from the Vietnamese sea cucumber Cladolabes schmeltzii (Cladolabinae, Sclerodactylidae, Dendrochirotida) [1a] , herein we describe the isolation and structural elucidation of a series of new triterpene tetraosides, cladolosides A 1 -A 6 (1-6).
Specimens of C. schmeltzii were collected in Nha Trang Gulf of the South China Sea. The concentrated ethanolic extract was sequentially submitted to column chromatography on Polychrom-1 using 50% EtOH and on Si gel using CHCl 3 /EtOH/H 2 O (100:50:4) as mobile phase to yield the most nonpolar fraction, consisting of the glycosides with tetrasaccharide carbohydrate chains. Further separation of this fraction by HPLC on a reversed-phase semipreparative Supelco Ascentis RP-Amide column with 50% acetonitrile as mobile phase, gave a number of sub-fractions. One of these contained pure cladoloside A 2 (2) . Two of the fractions obtained were subsequently rechromatographed on the same column with 45% acetonitrile as mobile phase to give cladoloside A 5 (5) and cladoloside A 6 (6). For subsequent HPLC of the other sub-fractions, 51% acetonitrile was used as mobile phase to give cladoloside A 1 (1), cladoloside A 3 (3) and cladoloside A 4 (4) . The structures of the glycosides were elucidated by extensive analysis of their 1 H and 13 C NMR spectra and 2D NMR ( 1 H 1 H COSY, 1D TOCSY, HMBC, HSQC, ROESY) and also confirmed by HR ESI mass spectrometry.
The 13 C NMR spectra of the carbohydrate part of 1-5 were coincident with each other and with those of the known cladoloside A from the sea cucumber Cladolabes sp. [1b] , thelenotoside A from Thelenota ananas [1c] and lefevreoside A from Aslia (=Cucumaria) lefevrei [1d] having linear nonsulfated tetrasaccharide carbohydrate chains with a xylose residue in the third position. The carbohydrate chains of glycosides 1-5 contain four monosaccharide residues (two D-xyloses, D-quinovose and 3-O-methyl-D-glucose). Indeed, the presence of four characteristic doublets at  4.81-5.27 (J = 7.2-8.0 Hz) in the 1 H NMR spectra of the carbohydrate part of 1-5, correlated by HSQC spectra with the corresponding signals of anomeric carbons at  105.1-105.6 in the 13 C NMR spectra were indicative of a tetrasaccharide chain and the -configuration of the glycosidic bonds.
The positions of interglycosidic linkages were established by analysis of ROESY and HMBC spectra (Table 1 ). Cross-peaks were observed between H-1 of the first monosaccharide residue (xylose) and H-3 (C-3) of an aglycone, H-1 of the second monosaccharide residue (quinovose) and H-2 (C-2) of the first monosaccharide residue (xylose), H-1 of the third monosaccharide residue (xylose) and H-4 (C-4) of the second monosaccharide residue (quinovose), and H-1 of the fourth monosaccharide residue (3-O-methylglucose) and H-3 (C-3) of the third monosaccharide residue (xylose) in the ROESY and HMBC spectra, correspondingly. Hence, the structure of the carbohydrate moieties of cladolosides A 1 -A 5 (1-5) corresponds to the formulae 1-5 ( Figure 1 ).
The structure of the aglycone moiety of cladoloside A 1 (1) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) ( Table 2 ) to be of the holostane type having an 18(20)-lactone [from the signal of C-18 at  176.1 and C-20 at  86.0 in the 13 C NMR spectrum], a 9(11)-double bond [from the signals at  150.9 (C-9) and  110.4 (C-11) in the 13 C NMR spectrum and a signal at  5.23 (brd, J = 6.1 Hz, H-11) in the 1 H NMR spectrum] and a -OAc group at C-16 [from the signals of a tertiary carbon at  75.1 (C-16) and the corresponding proton at  5.91 (brq, J = 9.2 Hz, H-16); a signal of a quaternary carbon at  169.4, and signals of a methyl group at  21.5 and 2.28 (s, OCOCH 3 -16) in the 13 C and 1 H NMR spectra, respectively] in the tetracyclic nucleus. The signal of H-24 was correlated with the signal of OCOCH 3 -22 in the ROESY that also confirmed the structure of the aglycone of cladoloside A 1 (1). Hence, the structure of the aglycone was found to be 16,22-diacetoxyholosta-9-ene-3-ol, and identical to the aglycones of cladolosides B 1 and C 1 isolated earlier from this species [1a] . 
The structure of the aglycone moiety of cladoloside A 2 (2) was established by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) ( Table 3 ). The aglycone part of the 13 C NMR spectrum of 2 was identical to those of previously reported cladolosides B 2 , C, and D [1a] and was very close to that of cladoloside A 1 (1), differing from the latter only in the presence of signals of a terminal double bond at  144.9 (C-25) and  110.6 (C-26). The correlations observed in the HMBC and ROESY spectra of 2 were analogous to those in the spectra of cladolosides B 2 , C, and D [1a] ; these allowed the determination of the aglycone structure of cladoloside A 2 (2) as 16,22-diacetoxyholosta-9,25diene-3-ol. (2) 
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The structure of the aglycone moiety of cladoloside A 3 (3) was determined by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) ( Table 4 ). Comparison of the 13 C NMR spectra of 3 and 2 revealed the identity of their aglycone polycyclic nuclei. However, the signals of the side chains of these glycosides were different. Analysis of the 1 H-1 H COSY spectrum of 3 allowed us to establish the sequence of all the protons in the side chain of the glycoside. All the protons were correlated with their corresponding carbons from the HSQC spectrum. These data indicated the absence of an O-acetic group in the side chain of 3. Indeed, the signals of the single O-acetic group (attached to C-16) were observed in the 13 C NMR spectrum of cladoloside A 3 (3) at  169.5 and 21.1. The signal of C-22 at  74.7 in the 13 C NMR spectrum of 2 was shifted highfield by  36.5 in comparison with the corresponding signal in the 13 C NMR spectrum of 3 that also corroborated the absence of an OAc-group in the side chain. 
The structure of the aglycone moiety of cladoloside A 4 (4) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) ( Table 5) (4) is
The structure of the aglycone moiety of cladoloside A 5 (5) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) (Table 6 ) to be very similar to that of cladoloside A 4 (4) . The signals of the aglycone polycyclic systems of glycosides 4 and 5 coincided in their 13 C NMR spectra, but the signals of the side chains were quite different. The The 13 C NMR spectral data of the carbohydrate part of cladoloside A 6 (6) differed from those of cladolosides A 1 -A 5 (1) (2) (3) (4) (5) . The most characteristic distinctions were the disappearance of the signal at  66.4 belonging to C-5 of the third (xylose) residue and the appearance of an additional signal at  62.1 in the 13 C NMR spectrum of 6 (Table 7) in comparison with that of 1-5. These data indicate the substitution of the third monosaccharide residue (xylose) in the carbohydrate chains of 1-5 by glucose in 6.
Thus the carbohydrate moiety of cladoloside A 6 (6) contains four The positions of all interglycosidic linkages were confirmed by analysis of the ROESY and HMBC spectra of the carbohydrate part of 6 (Table 7) . Cross-peaks were observed between H-1 of the first monosaccharide residue (xylose) and H-3 (C-3) of an aglycone, H-1 of the second monosaccharide residue (quinovose) and H-2 (C-2) of Table 6 : 13 C and 1 H NMR chemical shifts and HMBC and ROESY correlations of the aglycone moiety of cladoloside A 5 (5) . a Recorded at 176.04 MHz in C 5 D 5 N. b Recorded at 700.13 MHz in C 5 D 5 N. 6 (Figure 1) . The structure of the aglycone moiety of cladoloside A 6 (6) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, ROESY) to be identical to that of cladoloside A 2 (2) having a holostane aglycone with a 9(11)-double bond and a 16-O-acetic group in the nucleus and an additional Oacetic group at C-22, along with a terminal double bond in the aglycone side chain ( 
Thus, we have elucidated the structures of six new triterpene glycosides from Cladolabes schmeltzii, nonsulfated tetraosides cladolosides A 1 (1), A 2 (2), A 3 (3), A 4 (4), A 5 (5) , and A 6 (6). Five of these substances, cladolosides A 1 -A 5 (1-5), have identical tetrasaccharide linear carbohydrate chains with a xylose as the third monosaccharide residue. The sixth glycoside, cladoloside A 6 (6), has a different carbohydrate chain, with glucose as the third monosaccharide unit. All the glycosides have holostane aglycones with a 9(11)-double bond and differ from each other in the substituent at C-16 and the side chain structures. The aglycones of glycosides 3-5 are new.
The cytotoxic activities of cladolosides A 1 -A 6 (1-6) against mouse spleenocytes and hemolytic activity against mouse erythrocytes are given in Table 8 . Cladoloside A 5 (5) was the only glycoside from this series that was not active against spleenocytes and erythrocytes. It is known, that the presence of a hydroxy-group in the aglycone side chain of the glycosides strongly decreases their cytotoxic and hemolytic activities [4, 5] and, therefore, compound 5, possessing a hydroxyl attached to C-25, confirms this tendency. Cladolosides A 1 (1) and A 2 (2) were the most active glycosides, differing from each other in either the presence or absence of a terminal double bond in the side chain, and having two acetoxy-groups (in the polycyclic nucleus and in the side chain) in the aglycone and a xylose residue in the third position of the carbohydrate chain. The substitution of the xylose unit (in glycoside 2) by a glucose residue, as in cladoloside A 6 (6), causes a two-fold decrease in the activities compared with glycoside 2. It is interesting that the absence of the acetoxy-group in the side chain, like that in cladoloside A 3 (3), when compared with cladoloside A 2 (2) leads to an 11-fold decrease in the cytotoxic activity and an 8-fold decrease in the hemolytic activity. Cladoloside A 4 (4) contains a 16-keto group instead of a 16-acetoxy group and demonstrates rather strong cytotoxicity and hemolitic activity. Its activity was higher than that of compound 3, having an O-acetic group (at C-16), but lower than that of cladolosides A 1 (1) and A 2 (2), both with two acetoxy groups (at C-16 and C-22). Thus, the glycosides studied, except compounds 3 (moderate activity) and 5 (not active), demonstrate strong hemolytic and cytotoxic activities. (2), A 3 (3), A 4 (4), A 5 (5) and A 6 (6). Cucumarioside A 1 from Eupentacta fraudatrix was used as a positive control.
cladolosides Cytotoxic activity EC 50 , g/ml Hemolytic activity MEC 100 , g/ml A 1 (1)
2.8 ± 0.3 3.12 A 2 (2) 1.8 ± 0.2 3.12 A 3 (3)
19.8 ± 0.4 25.0 A 4 (4) 6.4 ± 0.2 12.5 A 5 (5) 98 ± 1.5 100 A 6 (6) 5.8 ± 0.2 6.25 Cucumarioside A 1 1.34 ± 1.2 0.7 ± 0.1
